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Introduction
Freshwater mussels (Bivalvia, Unionoida) are an important component of a healthy stream or river ecosystem. In addition, mussels often are used by various agencies to monitor environmental quality, including trends of chemical contamination (Rosenberg and Resh 1992) . However, native freshwater mussel populations are declining rapidly, both globally and in the United States (Lydeard et al. 2004) . Mussels are currently one of the most endangered groups of animals in North America. Over the past 150 years in the Pacific Northwest, native mussels have been affected adversely by manmade disturbances including land-use practices, dam building, pollution, introduced species, and reductions or loss of anadromous salmonids to watersheds. The life cycle of all freshwater mussels includes a period during which mussels are dependent on a fish host. The fish host for Anodonta species is not specific and is unknown for most species (Nedeau et al. 2009 ).
Current knowledge of mussel populations in the Columbia River is limited, and it is speculated that the range of native mussels is restricted compared to historical records (Frest and Johannes 1995) . The Hanford Reach contains the last unimpounded stretch of the Columbia River and retains substrate characteristics (cobble, gravel, sand/silt) assumed to be suitable for a number of native freshwater mussels known to exist in the Pacific Northwest. Data describing mussel species composition, densities, and other attributes such as demographics are needed to aid in assessments of environmental quality of a specific river ecosystem.
The study described in this report was funded by the U.S. Department of Energy Richland Operations Office (DOE-RL) and conducted as part of the Pacific Northwest National Laboratory (PNNL) Ecological Monitoring and Compliance project. The study findings can be used by resource biologists, ecologists, and DOE-RL to determine possible negative impacts to native mussels from ongoing near-shore remediation activities at the Hanford Site.
Background
A limited number of native mussel and gastropod surveys have been conducted on the Columbia River (Coutant and Becker 1970; Frest 1989, 1993) . Helmstetler and Cowles (2008) conducted a mollusk population survey in 2006 in the mid-Columbia River including the Hanford Reach. This study found Anodonta species at two locations at densities of 0.01 and 0.66 live mussel/m 2 . A few small-scale mussel surveys have been done in the Hanford Reach (Frest and Johannes 1993) . Other surveys have been carried out at the 100-N Area shoreline in association with risk assessments conducted at the Hanford Site (DOE-RL 2006) . A comprehensive study was performed on the distribution and density of Asiatic clams inhabiting the Hanford Reach in 2002 (Turner 2004) . Stark (2001) found only rare occurrences of mussels during a study of macroinvertebrates on the Hanford Reach at three locations near river miles (RM) 368, 370.5, and 379.
Thirteen species of freshwater bivalves (twelve native, one introduced) have been reported historically in the mainstem Columbia River (Frest and Johannes 1993) . Diversity is generally highest in the lowermost 161 km of the river and lowest near the river's origin (Frest and Johannes 1993) . Many other taxa are found in tributary streams. Seven native mussel species have been identified in Washington State, six of which occurred historically in the mainstem of the Columbia River-the California floater (A. californiensis), western floater (A. kennerlyi), Oregon floater (A. oregonensis), winged floater 1.2 (A. nuttalliana), western ridged mussel (Gonidea angulata), and western pearlshell mussel (Margaritafera falcata) (Frest and Johannes 1995) . The California floater is listed as a federal species of concern in the United States and as a candidate species in Washington State; in addition, it is thought to be imperiled or critically imperiled throughout the Pacific Northwest (NatureServe 2009). Surveys in the lower Snake River in 1992 during a reservoir drawdown test revealed live adults of the California and western floaters and the western ridged mussel. These three mollusks now appear to be extirpated from the Lower Granite Dam Reservoir (Frest and Johannes 1992) . The Oregon floater is known to occur in the Willamette, Columbia, Snake, and John Day rivers. NatureServe Explorer currently designates the Oregon floater as vulnerable in Washington and Oregon (NatureServe 2009).
The status of the western pearlshell mussel is largely unknown throughout the Pacific Northwest, although surveys of western Oregon and Washington have found abundant populations in several Oregon and Washington streams (Rensel 1992) and in the John Day River in central Oregon (Brim Box et al. 2004 , 2006 . Recent surveys have documented a relatively healthy population of western pearlshell mussel in the Willamette River and tributaries of the Umpqua River in western Oregon (Jason Dunham, U.S. Geological Survey, personal communication, July 2009). Archeological evidence with radiocarbon dates from 2,860 ± 40 years before present (BP) to 140 ± 40 years BP supports the premise that the western pearlshell mussel persisted on the Hanford Reach (Marceau and Sharpe 2002) . The western pearlshell mussel may be one of the longest-living freshwater invertebrates; the oldest known specimens are aged at greater than 90 years (Toy 1998) , 100 years (Vannote and Minshall 1982) , and more than 100 years old.
1 Newell (2003) reported finding a few shells of the western pearlshell mussel downstream of the Hanford Site, but no mussels were described along the Hanford Reach. More recently (fall 2010), a small-scale survey was conducted along the shoreline of White Bluffs Slough. No pearlshell mussels were found, but several shells of the western floater were found near the silted-in regions and exposed cobble (Ted Poston, PNNL, personal communication, October 2010) . The presence of dams and associated reservoirs that reduce water velocities and increase sedimentation is hypothesized to have contributed to the decline of the western pearlshell mussel and other mollusks.
2 Mussels downstream from dams can be affected by scouring, unstable substrates, and fluctuating water elevations associated with dam operations.
Study Objectives
The objectives of this study were 1) to provide a more comprehensive characterization of the freshwater mussel species composition and distribution in the Hanford Reach, 2) to estimate mussel densities, and 3) to determine the age structure of mussel populations in the Hanford Reach. Although native mussels belonging to the Unionidae family have life spans of approximately 30 years, the western pearlshell mussel may live to more than 100 years of age. Thus, demographic information may provide some insight to current population of mussels inhabiting the shoreline regions of the Hanford Reach.
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Report Organization
The site of this study-the Hanford Reach of the Columbia River-is described in Section 2. Section 3 documents the techniques employed by the research team to survey mussel species composition, density, and demographics as well as for riverbed characterization. Methods for data analysis and river environment classification also are covered in Section 3. Research results are provided in Section 4, followed by a discussion in Section 5. Sources cited in the text are listed in Section 6. An Appendix provides a detailed list of mussel species found during the 2004 survey.
Study Site
The study was conducted within the Hanford Reach of the Columbia River, a 90-km river segment designated as a national monument in 2000 (Figure 2 .1). The Hanford Reach is the last unimpounded stretch of the river and provides abundant suitable spawning habitats for fall Chinook salmon (Oncorhynchus tshawytscha) (Dauble and Watson 1997) . The reach is composed of a series of pools and riffles and is braided with 20 relatively stable islands. The width of the Hanford Reach varies from about 240 m to 1,200 m. Mid-stream water depths can range from less than 4 m to more than 20 m. The substrate conditions vary from fine sands and silt to large boulders and bedrock in certain areas. Rooted macrophytes are present in the sections with more embedded substrate and slower water velocity. Monthly mean discharge recorded at Priest Rapids Dam typically peaks between April and June during spring runoff from snowmelt and is lowest from September through October (DART 2009 Figure 2 .1).
3.1
Methods
Survey Techniques for Species Composition, Density, and Demographics
Snorkel-based surveys were employed to locate, identify, and measure live native mussels (Strayer and Smith 2003) . Snorkelers surveyed the riverbed for mussels at a distance not greater than 1 m from the river bottom to minimize the chance of missing mussels, particularly those individuals deeply embedded in the river substrate. To account for this variable, all surveys were conducted at depths of 1 to 2 m below the low-water mark, a section along the shoreline that was visually identified by the persistent colonies of periphyton growing on rock surfaces. This persistently inundated section corresponds to a river flow of approximately 2,265 m 3 /s (Turner 2004) , which represents the minimum flow level typically allowed by Priest Rapids Dam. Organisms living below this depth are assumed to be inundated yearround.
Surveys were conducted along 2-m-wide transects that extended from 25 to 435 m into the channel, depending on the depth of the water, extent of the substrate, and presence of macrophytes. A transect survey was ended if one or more characteristics of substrate size, embeddedness, or macrophytic abundance changed.
Species were identified based upon morphological characteristics of the shell and the taxa recognized by Turgeon et al. (1998) . In addition, the species were subsequently verified by consultation with Deixis Consultants (Seattle, Washington) from examination of several shells of the mussels retained from the surveys. Some of the individuals belonging to the Anodonta genus were difficult to identify to the species level currently prescribed for Anodonta. As such, measurements of shell length (dorsal to ventral), width (anterior to posterior), and height (cusp to cusp) were taken on most specimens encountered along the snorkel transects. Initially, Anodonta spp. encountered along the snorkel transects were distinguished as either California floater or Oregon/western floater. Later, the distinction between Oregon floater and western floater was recorded on 13 transects and 93 individuals after field crews became more familiar with the specimens encountered.
Three live specimens of each species belonging to the Anodonta genus were retained as voucher specimens. Shell and soft tissues from these three specimens were preserved in 99% ethanol and archived by Deixis Consultants.
Riverbed Characterization
The snorkel-based survey transects for mussels along the Columbia River were classified according to the variables of dominant and subdominant substrate (Platts et al. 1983) , substrate embeddedness (degree to which interstitial spaces between cobble are filled with sand or silt), and the relative abundance of macrophytes (rooted aquatic vegetation). These characteristics were determined at the beginning of each transect survey. The primary substrate class was defined as the most abundant substrate (dominant) in the area and was determined visually by the field team members. The secondary substrate was defined as the next most abundant substrate present (subdominant). Representative rocks were then selected for both dominant and subdominant substrates, and the medial axis was measured (in centimeters) and recorded 3.2 consistent with the parameters listed in Table 3 .1. The degree of substrate embeddedness (matrix substrate) was classified along each transect as one of four categories (Table 3 .2). The presence and relative abundance of aquatic vegetation (macrophytes) as seen from above the water surface were also noted along each transect. The relative abundance of macrophytes was classified as follows: 1) no vegetation present, 2) sparse vegetation and substrate completely evident, 3) vegetation common and substrate partially obscured, and 4) dense vegetation and substrate nearly or completely obscured (Figure 3 .1). 
Data Analysis
Mussel densities were determined for each transect based on the area surveyed and the number of individual specimens observed per 100 m 2 . The average, median, and maximum of mussel densities were calculated for the physical habitats in which they were found. Additional data were summarized related to the demographics of selected species and densities in general river classifications based on river geomorphology.
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Figure 3.1. The four embeddedness categories as described in Table 3 .2.
Classification of the River Environment
To determine the existence of a relationship between the geomorphology of the river and the associated assemblages of organisms found, we compared the distribution of mussels to three general river classifications. The physical variables measured on each transect (see Section 3.2) are not necessarily independent and may be factors that collectively can be represented using the geological and hydrological characteristics of the river.
The aquatic environment was partitioned into segments of the river based on the shape of the river channel. Each segment was then classified by two primary criteria-planform and geomorphology. The planform and geomorphology information (based on river segments 1 to 5 channel widths in length) were used to separate or stratify the Hanford Reach into channel classifications that were systematically 3.4 measured between Richland and the Vernita Bridge based on aerial imagery ; Table 3 .3). The channel classifications were defined as follows:
• riverine channels -flowing water within a single channel
• island-adjacent channels -flowing water contained within a braided channel
• slough or backwater channels -areas known to contain very low-velocity flow outside the main river channel. 
Sampling Design
A number of transect points were selected randomly using an ArcView geographic information system (GIS) representation of the Hanford Reach in 3-m-× 3-m-pixel resolution. In addition, a number of transects were selected subjectively to 1) obtain samples from river classes that were not selected randomly, 2) better describe the mussel species compositions in areas where mussel shells had been noted during other field activities, 3) increase precision of the mussel density estimates in areas where they were frequently encountered, and 4) survey for mussels in areas near Hanford Site facilities (Figure 3 .2). All survey sites except for one were located along the Benton County shoreline (south shoreline). The exception was the survey site where shells of the western pearlshell mussel had been found during August 2003 (Brett Tiller, Environmental Assessment Services, personal communication, 2003) .
3.5 
Results
Species Composition and Relative Abundance Estimates
Three species belonging to the Anodonta genus were observed during the 2004 sampling efforts; these included the western, California, and Oregon floater (Figure 4.1) . Shells of the western pearlshell mussel were found at only 2 of the 52 sampling sites visited during 2004. Three shells were found near RM 350 along the Franklin County shoreline, and a single shell was found near the 100-D Area at RM 377. No live specimens of the western pearlshell mussel were found, but inspection of the shells (purple coloration of exterior shell and integrity of ligament) indicated they likely had died within the past 10 years. Four individual mussels that appeared morphologically unique were encountered at two sites on the lower portion of the Hanford Reach. Because these individuals could not be classified to species based on the ratio of shell length to height less than 2 but greater than 1.5, they were omitted from the composition analysis described in this section. A shell length-to-height ratio of greater than 1.5 designated the California floater, and a shell with a ratio of close to or exceeding 2 was classified as a western or Oregon floater. The average ratios of shell length to depth for each species measured are shown in Figure 4 .2. Other factors used to key the species of Anodonta included umbo (beak) position in relation to hinge line, shell color, or wing characteristics. Three specimens of each taxa belonging to the Anodonta genus were collected, and samples of the adductor muscle were preserved in 99% ethanol and archived. No further identification was done with the preserved samples. The most common and widespread mussel found was the western floater. The next most abundant mussel was the Oregon floater. California floaters were the least abundant, although they were more abundant than the Oregon floater in the sloughs and backwater channels. 
Mussel Density
A total of 200 live individual specimens were observed along 52 snorkel transects that covered 28,432 m 2 of riverbed (see Figure 4. 3), for an overall density of 0.7 mussels/100 m 2 and a range from 0.0 to 8.4 mussels/100 m 2 for each transect. Mussel densities varied across river classification and substrate embeddedness, dominant substrate types, and the relative abundance of macrophytic vegetation (Figures 4.4 through 4.6). These variables are not completely independent, but some patterns associated with each were apparent. Figure 4 .4 shows the mussel density in relation to substrate embeddedness from all 52 transects. The California floater was found principally in areas where the substrate was fully embedded with sand/silt materials (embeddedness category 4). The highest density of the western and Oregon floater combined (9.3 individuals/100 m 2 ) also was found in fully embedded substrates. However, Figure 4 .4 shows that these two species were frequently found also in areas where substrate was partially embedded (embeddedness categories 2 and 3).
Overall, mussel densities were greatest in the sand/silt substrate (category 1) and pebble substrate (category 2) compared to the cobble substrate (category 3) and boulder substrate (category 4) (Figure 4 .5). The California floater was found only in areas with pebble substrates (category 2), whereas the Oregon floater and western floater were frequently encountered also in areas where the dominant substrates were sand/silt (category 1). The western and Oregon floater densities were combined because of their occurrences in similar habitats. Mussel densities appeared to be related also to the amount of aquatic vegetation (macrophytes) recorded along transects (Figure 4 .6). Mussels were found on only 2 of 16 transects in areas devoid of macrophytic vegetation (relative abundance category 1), and the species found were either western or Oregon floater. The highest densities of three of the four mussel species found were recorded in areas where macrophytic vegetation was scattered (category 2) or common (category 3) and substrates were still readily visible. No mussels were detected on 3 of 6 transects conducted in very abundant macrophytic vegetation (category 4), and the mussel densities found on the other 3 transects averaged approximately 1 mussel/100 m 2 (for western floater or Oregon floater).
4.3
Little variation in Anodonta spp. mussel densities was observed across the three river classes that were described to collectively account for hydrological and geomorphic factors that may affect the distribution and densities of mussels. Riverine and slough/backwater channels contained the highest densities (nearly 3.5 specimens/100 m 2 ), and the island-adjacent regions contained slightly less at 2.5 mussels/100 m 2 (Figure 4.7) . 
Spatial Distributions
Mussel density results were sorted into two general categories of relative abundance-medium/low (<2.5/100 m 2 ) and high (>2.5/100 m 2 ). These were evaluated with respect to a GIS-based depiction of river classes along the entire Hanford Reach (Figure 4.8) . Relatively high densities of all three Anodonta species were expected in the slough/backwater river class; this class constitutes approximately 1.5% of the river environment along the Hanford Reach (see Table 3 .3). The other two river classes found to contain at least some mussels had medium to low mussel densities. Areas other than slough/backwater constitute approximately 60% of the river environment along the Hanford Reach (see Table 3 .3). Medium to low mussel densities are expected to occur throughout much of the downstream portion of the Hanford Reach. In contrast, native mussels are not likely to occur in about 35% of the Hanford Reach, and relatively very few areas suitable for native mussels were estimated to be present in the upper sections of the Hanford Reach (see sections in Figure 4 .8 between the upriver boundary of the Hanford Site downriver to approximately the 100-D Area). The survey results also indicated that the California floater was found in only a few areas and was associated largely with the slough/backwater river class (see Figure 4. 3). 
Size Distributions
Shell lengths are used to indicate the age structure of mussel populations. However, relative small size classes (~30 mm or less) were not expected to be found using the techniques employed during this study due to small size of the shell, making observation more difficult. Thus, the age classifications are biased toward the larger and older age classes of the shells that were measured.
Anodonta are relatively short-lived and fast-growing mussels that reach sexual maturity in 4 to 5 years and have a life span of approximately 15 years. Figure 4 .9 shows the size distribution of 198 mussels that were measured and identified to the species-level. These results represent the 93 individuals collected on 13 transects and an additional 105 individuals located in the slough/backwater channels to increase the sample size. All three species of Anodonta exhibited similar size-class structures. The probability of a normal distribution for the California floater was 0.93, western floater 0.97, and Oregon floater 0.96. The largest shell sizes were found to occur for the western floater; ranging from 84 mm to 143 mm, these were slightly larger than those of the other two species. The size ranges for the three species were as follows:
• California floater, 62-132 mm 
Discussion
This study was intended to provide an initial assessment of the species composition, densities, and distribution of native mussels along the Hanford Reach of the Columbia River. The results indicated that three species belonging to the Anodonta genus reside in a number of shallow areas along the Hanford Reach. The California floater was found in four areas and generally in those areas with high substrate embeddedness and very low river water velocities. The western floater and Oregon floater were frequently encountered in a number of locations where the riverbed was at least partially embedded. The surveys showed that the western pearlshell mussel was almost completely absent during 2004. Shells of some adults were found on 2 of the 52 transects surveyed during 2004 and indicate a few small populations of the western pearlshell mussel may still exist at water depths greater than these surveyed during 2004.
The conservation status of the western pearlshell mussel was ranked as secure by NatureServe in 2009, although its status is critically imperiled in Washington State (NatureServe 2009). Archeological evidence along the Hanford Reach indicates the western pearlshell mussel persisted there and was used extensively by Native Americans for thousands of years (~3,000 to 140 years BP) (Marceau and Sharpe 2002) . Why this species appears to be almost extirpated along the Hanford Reach today remains uncertain. A wide variety of factors such as siltation, nutrient enhancement, unstable substrate, river impoundments, and fluctuating flows may contribute to the decrease of this species in large river systems such as the mid-and lower Columbia River. Several populations of the western pearlshell mussel are found in streams of western Washington State, including Bear and Cottage Lake creeks in King County, where densities of up to 150 mussels per/0.5 m 2 have been documented (Rensel 1992) . Recent surveys in the Clearwater River in western Washington found western pearlshell to be flourishing with estimated populations of 15,000 individuals/700 m 2 in a 69-m section of the river (Helmstetler and Cowles 2008) . Western pearlshell mussels found in western Washington streams inhabited areas with large stable heterogeneous cobble-to boulder-size rocks with an intermix of fine substrates and water velocities of 0.2-0.3 m/s (Frest and Johannes 1995; Toy 1998; Turgeon 1998) . These conditions appeared to exist in several areas of the Hanford Reach during 2004, but only a few shells from individuals were found along 2 of the 52 transects sampled during 2004. A peculiar coincidence was noted during 2004 when the smallest living mussel (a 47-mm-long Oregon floater) found during these surveys was encountered at the only site where several western pearlshell mussel shells also were found.
The western ridged mussel (Gonidea angulata) was expected to be present based on previous observations throughout the rivers of eastern Washington (Frest and Johannes 1995) . However, none were found along the Hanford Reach during the 2004 survey, nor were any shells of this species observed. The status of the western ridged mussel is currently thought to be imperiled throughout the Pacific Northwest (NatureServe 2009). This species typically is found in sand/silt-dominated areas and has been observed in the Columbia River, upstream of Priest Rapids Dam (Frest and Johannes 1995) . It remains in portions of the Snake River system, Okanogan River in Washington, and Clearwater River, Hells Canyon, and middle Snake River in Idaho but appeared to be extirpated from many former locations (Frest and Johannes 1995) .
The mussel densities observed during this study were variable; the highest densities occurred in areas where substrates include some sand/silt. Two species, the western and Oregon floater, were found in virtually all substrate types sampled (sand/silt, pebble, and cobble), provided there was some degree of embeddedness (matrixed substrate). The relative abundance of macrophytic vegetation also appeared to be related to the densities of mussels because the highest mussel densities were found when macrophytes were scattered (category 2). Mussel densities appeared to be lower where the macrophytes were very abundant (category 4). Reduced visibility may have affected these results; however, snorkeling observers compensated for this impairment by spending more time per meter to ensure the mussels present were accurately observed and consistently counted. The physical constraints of the river likely limit mussel distributions because much of the river environment along the Hanford Reach comprises relatively clean cobble with little fine-grain silt/sands embedded between the primary substrates. The Hanford Reach appears to have had no major changes in river planform and channel cross-sectional characteristics over the past century (Dauble and Geist 2000) . Riverbed materials in the Hanford Reach are thought to be sufficiently coarse to resist movement by flows as high as the regulated 100-year frequency discharge (i.e., 12,500 m 3 /s; Dauble and Geist 2000) .
Mussel densities obtained from 52 transects consisting of 28,432 m 2 of riverbed surveyed were used as a coarse index to illustrate the areas in which high and medium to low species composition and densities would be expected. The greatest mean densities of Anodonta spp. found during this study were only 3.5 individuals/100 m 2 , and Toy (1998) suggested that if mussel density (the average density within a 0.08-km radius) is less than 10/m 2 , reproductive success may be too low to sustain a population. The slough/backwater river class comprised approximately 1.5% of the Hanford Reach and contained relatively high densities and diversity of native mussels found during 2004. The western floater and the Oregon floater were found in river classes that represent about 65% of the river environment along the Hanford Reach. Conversely, relatively high densities of the California floater are expected in only 1.5% of the river environment, and low densities may be expected to occur in about 45% of the river environments. The river classes containing mussels were consistently identified throughout most of the lower sections of the Hanford Reach compared to a more limited distribution in the upper sections. However, some of the river classes were not well represented in the datasets collected during 2004.
NatureServe Explorer provided a relatively comprehensive review and general status and distribution of the native freshwater mussel populations throughout the Pacific Northwest. Populations of the California floater, a federal species of concern and Washington State candidate species, are currently thought to be critically imperiled (substantial population declines are known, and extirpation of the species is an eminent concern) in Washington, Nevada, Utah, and Arizona (NatureServe 2009). This species was once thought to have been widespread in the Pacific drainage from British Columbia into Mexico. Frest and Johannes (1995) documented the range of California floater in the following areas: the middle Snake River in Idaho; the Fall and Pit rivers in Shasta County, California; the Okanogan River in Chelan County, Washington; and Roosevelt and Curlew lakes in Ferry County, Washington. No living specimens were found in the Willamette and lower Columbia rivers in searches by Frest and Johannes conducted from 1988 to 1990. This species typically prefers sand/silt substrates, as was found in all three slough/backwater regions on the Benton County shoreline of the Hanford Reach (see mussel high-density areas shown in Figure 4 .8). Element occurrences of freshwater mussels are defined as areas where one or more individuals of the species have been documented. Individual element occurrences are typically separated by a distance of more than 2 stream kilometers of unsuitable habitat, or a distance of more than 10 stream kilometers of apparently unoccupied though suitable habitat (NatureServe 2009). As such, the three high-density sections identified in Figure 4 .8 appear to qualify as individual element occurrences (based on habitat distance variables) for the California floater. The 2004 study also found the California floater to be relatively abundant along the two transects located nearest to the city of Richland. The
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Oregon floater is currently listed as vulnerable in Washington and Oregon, and the western floater is listed as secure or not ranked in the Pacific Northwest.
Mussel shell lengths are used as an indication of the population age structure (Toy 1998) . The life span of Anodonta is generally thought to be 20-30 years, unlike that of the western pearlshell whose life may span 100 years or more (Toy 1998) . The primary factors affecting length-to-age relationships are temperature of water and availability of foodstuff (Toy 1998) . The age-to-shell length relationships for native mussel in the Columbia River have not been previously described. In addition, individual mussels that are relatively small (~30 mm or less) were not expected to be found using the techniques employed for these surveys. Their absence from our sample limits the ability to interpret the population structure as a whole. However, assuming individual mussels 50 mm long or longer were equally detectable during these surveys, some population-level inferences can be made. All three Anodonta species appeared to have similar bell-shaped distributions of shell length and indicate that the highest survival rates are individuals greater than 100 mm and less than 130 mm long. The shell length distribution shown in Figure 4 .9 may be an indication of extensive early life-stage mortality or low reproductive success (at least for shell lengths of 50 to 100 mm). This bell-curve distribution may indicate that the population as a whole may be declining because reproductive recruitment (assuming no emigration into the population) is relatively low. Potential causes of these demographic patterns include reduction of suitable hosts (fishes) for glochidial life-stage and lack of suitable habitat for juveniles (i.e., desiccation of juvenile rearing areas due to water level fluctuations during critical juvenile life-stage periods, ambient water temperatures above tolerance levels, or reduced adult fitness). Poor water quality would not be considered a negative factor to mussel reproduction in the Hanford Reach based on water quality parameters that meet Washington State surface water quality standards (Poston et al. 2009 ). The fact that all three species observed along the Hanford Reach were found to have the same demographic structures indicates that the causative factor(s) may be associated with some large-scale event(s). Subsequent monitoring efforts to determine whether the mussel densities or size classes are changing may help address this question. An assessment of juvenile rearing habitat and the reproduction patterns of adult mussels along the Columbia River would also help describe factors affecting the population of mussels along this large-river system. Survey techniques employed during this effort provided a fast yet accurate approach for characterizing the mussel populations found in this large-river system. The snorkel survey technique is not suitable for detecting juvenile mussels; thus, the datasets presented in this report reflect only current conditions of adult mussels. Observers noted that it was important to ensure that surveys were conducted systematically in the portion of the river located between 1 and 2 m below the low-water mark at visual survey distances of not more than 1 m. The distributions of mussels along a gradient of water depths were not part of this study. However, field survey teams noted that the mussel density appeared highest in the 1-to 2-m region below the low-water mark.
One key environmental variable affecting the distribution and abundance of mussels along the Hanford Reach is the frequency and duration at which water inundates the shoreline areas (Turner 2004) . Inundation of shoreline areas along the Hanford Reach may fluctuate daily and seasonally in response to both natural seasonal cycles and hydroelectric operations at upstream dams on the Columbia River (McMichael et al. 2003; Geist et al. 2006) . Water-level fluctuations can reach ±3 m vertically each day. Stark (2001) found that benthic macroinvertebrates inhabiting substrates periodically exposed by waterlevel fluctuations in the Hanford Reach were severely limited in density and biomass compared to those in substrates (control group) that were continually underwater. Anodonta spp. are known to be vulnerable 5.4 to large and rapid water-level fluctuations if they cannot stay within the wetted zone or burrow into the sediment before desiccating, overheating, or becoming prey to other animals (Nedeau et al. 2009 ).
In summary, we documented that the three species of Anodonta (California, Oregon, and western floaters) were found inhabiting certain portions of the Hanford Reach in relatively low populations with the exception of a few sections where relatively moderate densities occurred. These sections included near the Hanford town site slough (RM 362.5), near the 100-F Area , and one location upstream of the Vernita Bridge (RM 389). Mussel populations were more likely to be found in the lower portions of the Hanford Reach from the 100-F Area to near Richland. We did not find any live western pearlshell mussels or any live or dead western ridged mussels. We found a total of four mussels likely belonging to the Unionidae family, with morphological characteristics similar to those of the Oregon floater, but which did not fit the general classification of this species. Whether these were slight variations of a known or a previously unidentified species has not been determined. 
